8| NUCLEAR CHEMISTRY
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Elements such as uranium, thorium i ‘-" = d‘ md]a‘tmn i m . "'_m{/"*'

s : s & and radium that spontaneously emit radiation
without absorbing energy are called radioactive elements and the property or
phenomenon of giving out these radiatiins is called radioactivity. The term
radioactivity was ﬁrst used by Marie Curie.

‘When nuclei change spontaneously, emitting radiation, they are said to he
radioactive. Radioactivity is essentially a nuclear phenomenon and is a drastic
process because the element changes in kind. It is spontaneous and an irreversible
self-disintegrating activity. ‘

8.1 Natural Radioactivity

Naturally occurring elements like uranium, polonium, radium etc. are constantly
undergoing a spontaneous change and as a result of this they are emitting u—,f- and
v- rays and thus change into other elements. This spontaneous change is called -
natural radioactivity. In natural radioactivity only a single nucleus is involved
and it is always found in heavier elements.

The nucleus contains protons and neutrons, both of which are called nucleons.
Nuclei that are radioactive spontaneously emit radiation. These radioactive nuclei

“are called radionuclides and the atoms containing them are called radioisotopes.

Nuclear Equations

Radionuclides are unstable and spontaneously =~ emit particles and
electromagnetic radiation. Emission of radiation is one of the ways in which an
unstable nucleus is transformed into a more stable one. with less energy. The
emitted radiation is the carrier of the excess energy. For example, uranium -238
nucleus represented by the nuclide symbol 238U spontaneously emit helium —4
nuclei. The helium —4 particles (3He) are known as alpha particles, and a stream
of these particles is called alpha radiation. The decay of 228U by alpha-particle

emission is written as
! 280 —— % Th + 4He
The product, in: addition to He —4, is thorium. This is an €xample’ of nuclear
equation, which is a symbolic representation of a nuclear reaction. “The process in
which a nucleus spontaneously disintegrates, giving of radiation, is called
radioactive decay.” The nuclide undergoing a decay is called parent nuclide, and
the nuclide produced (along with a small particle) is called the daughter nuclide.
The 238U is the parent nuclide and the 2347 is the daughter nuclide.

A daughter nuclide may itself be unstable. Thorium —234 undergoes beta decay.

| Z4Th —— "Pa+ e

p —particle 4

The daughter protactinium has one more proton than the parent 234 Th nuclide.
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When a beta particle was emltted from the nucleus, a neutron was evidently
converted into a proton.

1
ol — 1P + _({e

Gamma emission is often not explicitly shown in nuclear equations, since neither
mass nor charge change during this kind of emission. A gamma photon s ¢
particle of electromagnetic radzatwn of short wavelength (about Ipm or 1072 m) gng
high energy.

Types of Radioactive Rays

When a radioactive material Photographic Plate
(uranium . mineral) is placed between . ' -
electric plates or poles of a strong @
magnet, the radiation separates out 7.5, '
into three different kinds, called alpha, 3
beta and gamma rays. The alpha (o) =
rays deflected to the negative plate,
must be composed of positively charged
particles. The beta (B) rays, more -
sharply deflected to the positive plate,
must be composed of lighter, negatively
charged particles . The gamma (y) rays, = - -
undeflected, must be electrically _ Lead Block .
neutral. - Fig. 8.1 Separation of Radioactive Rays
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" Radioactive
material

~ Ol-particles. The a-particles caries two unit positive charges and has a mass of a
helium nucleus, designated as gHe. The velocity of o-rays depends upon the
radioactive substance from which they are emitted. They produce intense ionization
in the gas through which they pass. They have the chortest penetrating power. In
fact, their penetrating power is inversely proportional to their tonizing power. They

affect a photographic plate and produce ﬂuorescence (i. e. , lumiscence) when strike a
fluorescent screen like ZnS. . y

B-particles. The electric charge and mass of a beta () particle show it to be an
electron, represented by _Je and have a velocity about ten times greater than that of
a-rays. Their e/m ratio resembles that of electrons. Due to smaller mass they can
penetrate a few mm into metals. They affect photographic plates more strongly than
o-particles. Moreover, their power of ionizing gaseous molecules is much less than
that of o-particles. '

Gamma (Y) rays: y-rays do not consist of charged particles but they are highly
energetic radiation. They are therefore similar to X-rays, except that their
wavelength are shorter. Gamma rays ‘are photons several million times higher in
frequency than visible light. Thus y-rays are non-material in nature. They travel
with the velocity of light. They are more penetrating than the a- and f-rays and at
the same time are weak ionizer of gases.
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[omismong are summe up in the form of Gr avis plaxlgo(l. I'he results of u- and
“Anelement by the emissions AR St o B displacement law. Tt states that
wmber decreases by 9) o, wparticle moves g1y, Places to the left (i.e., atomic
’i~ S s y 2 nn'd mass of the elemeny ;o decreased by 4 nits, and an
ewm} : .»'\“ T vnmwmf of a fparticle moves one pla}:p t; ‘lhe 3;1, oy ;), Pian
 Faiann “.nw“: by 1) in the periodic taole,” hig gene '11 ti . frc;t"ach' d
by !u}l‘mm un(l‘i‘mddy (1913) and ig known ag ‘Fa_ﬂnﬂlé;‘jﬂl 108, was clli; lace1ro;=31vet
law', This law ig gelf evident, since an (x~omissioﬁ ilocr-as ,( }Lh m‘;l;nic rlzumbe: nf
the parent element, by (he 9 and B-emission increpgeg i‘;h: at((;?nic enttlu:xber by 1 ’
1. Alphn emission: [:‘:;t(;isxiun of a 7 alpha particle, from an unstable nucleus,
‘ NHRR'H — ngRn + gI‘IG

The product nucleus hag an atomic number
is four less, than that of tl
2. Beta emission: |

“Particles from the radioactive
oduct of disintegration in periodic

1
s He or

on that is two less, and a mass number that
1¢ original nucleys,

missi : '
mission is eauient o 38ion of a high speed electron from an unstable nucleus, Beta
CMmist § equivalent to the conversi f ' +
on of a neutron to a proton.
M — P 4 Qe Table 8.1 Common particles in
e Radioactive decay and Nuclear
Thorium undergoes beta decay, Transformations.
h s 24Py 4+ 04 Particle Symbol
¢ 01 o 3 :
The product + Alpha particle 3He or 3o
he produet nucleus hag an atomic number Bet ticl B 0
that is one more than that of the original S DEREs 1€ or ;1 f
nucleus. The mass number remains the same. | Gamma particle ¥
3. Gamma  emission: Emission from an | Neutron in
excited  nucleus  of g pamma  photon, | Proton ‘ }H on {P
corresponding to radiation with a waveleng )
. I l‘.!‘l‘ clength Ilectron Oq
of about 10" m . 1
D PR 0
Positron Je

4. Positron emission: Emission of
positron is a particle that has the same
: , 0

The positron is represented as Ye. C

] 1 1
decays by positron emission.

16C — 1B + e

The emission of a positron has the effect of a converting a proton to a neutron,
thereby decreasing the atomic number of nucleus by 1: -

a positron from an unstable nucleus. A
mass as an electron but a positive charge.
arbon -11 is an example of an isotope that

0
1P — }n + je

5. Electron Capture: The decay of an unstable nucleus by capturing, or picking up,
an electron from an inner orbital of an atom. Rubidium -81 'indergoes decay in this
fashion. '
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: 81
SYRb + _1e (orbital electron) -——» g6 Kr : —_
e positron emission, has the effect of converting a proton to a

478

Electron capture, lik
neutron. : i
1P+ Se — 1 7 d ‘
] ] ' When positron an
Positron are annihilated as soon as they encounter electrons. en p

an electron collide, both particles (Positron and e\lectron)'vanish with the emission of
two gamma photons that carry away the energy. |

i
e + %e— 29

RSV VAL RB Write the nuclear equation for the radioactive decay of radium ‘226

'by alpha decay to give radon +222. The atomic humber of radon is 88.

Solution: A radium -226 nucleus emits one alpha particle leaving behind a radon
—-222 nucleus. The nuclear equation is

2%%Ra —_ 2§‘an + gHe

8.3 Artificial or Induced Radioactivity

-~ .' . ’ \

Artificial radioactivity is o process by which an element is converted into a new

radioactive 1sotope of a known, element by artificial means. ' o
Artificial radioactivity ig induced by bombardment of .certain nucler with

subatomic particles (o atoms), which are produced either by other nuclear reactions '
or in machines referred to

as atom smashers. The first artificially induced nuclear |
reaction was performed by Ernest Rutherford in 1919, He bomarded nitrogen —~14

n the radioactive decay of radium. ‘The product nucli’deS»

[}

ie Curie, while treating light
the emission of positrons and
ons does not stop when the ',

elements such as boron or Al
neutrons. They observed th
source of a-particles is remo

with a-particles, detected
at the emission ‘of positr
ved. The reactions are : '
lg.B + 3He — N In ' ‘ _ ' g
followed by - .

8.4 Stability of Nuclej and Neutron-Proton ratio

the ratio of the number of neutrons (N)
nuclei with two or more proto.s contain
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Stable nucler with low atomic numbers (up to about 20) have approximately
equhl numbers of neutrone and protons1e, N/P = 1
2 For nucler with higher atomie number. the nucler to be stable, there must be
more number of neutrons than the number of protons 1e, N/P > 1.
3. When there are more than 83 protons in a nuclpuc no number of neutrons will
stabilize 1t
By plotting a graph between number of neutrons (N) and of protons (P) for the
nucler of various elements 1t has been found that most of the stable nucler (non-
rodinactive nuclei) e in a well-defined belt which 12 known as the zene or belt of
stability because 1t contains the stable nucler (See Fig 821 The belt of stability
ende af element 83 (hiemuth' All nucler with 84 or more protons {atomic number =
84 are radioactive. Nuclides outzide the belt of stability are generally radioactive.
We can envisgion three general situations

I Nuclides to the left of the belt of stability have a N/P ratio large than needed for
stability These nuclides tend to decay by beta emission Heta emission reduces
the NP ratio. because in this process a neutron i changed to a proton.

2 Nuclides 1o the right of the belt of stalulity have a N/P ratio emaller than needed
for stabnlity These niuclides tend 1o decay by either positron emisaion or olectron
cspture Both processes convert a profon o a neutron, increasing the N/P ratio
and paving & stabler prodort nuclide

3 Nuclides of stomic numbers greater than 81 ofien decay by alpha emission
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“3\“!‘] ak l:"‘l' r:ﬁ"ﬁSU?‘.i i an alaty r}_‘ - 2 _‘\‘N!ﬂ_ﬂ‘l Fﬂ)tl}“ fatios a)f ’{abl,, lﬂ‘h
have energy levels The shell model

of the nuclews 2 a nuclear model in which protons and neutrons extst in levels, or
shells, analogous to the shell structure tha! exists for electrons in an atem. In an
stom, filled shelle of slectron are associaled with the special stabiity of noble grees.
Experimentally it i noted thet nucle: with certain number of protons or neutrons
appear to be very stable 'I'hnanunuf.nu. called magic number  and asseciated with
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